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Abstract
Background—The availability of foods in the home is likely to be related to consumption. We
know of no studies that have reported this association in African American participants, and few
studies have examined home food availability using objective methods.
Objective—This study aimed to assess the association between objective measures of fruits and
vegetables in the home with reported infant and maternal diet in low income African Americans.
Design—A cross-sectional study design was used to compare food availability and dietary
intake. The “Exhaustive Home Food Availability Inventory” used barcode scanning to measure
food availability in the home. Maternal and infant diet was assessed by 24-hour recall.
Participants/setting—80 African American first-time mother/infant dyads were recruited from
Wake and Durham counties in North Carolina.
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Statistical analyses performed—Adjusted mean dietary intake of infants and mothers was
calculated within tertiles of food and nutrient availability using analysis of variance. The bootstrap
method was used to estimate p-values and 95% confidence intervals. Models were adjusted for
mother’s age, household size, shopping and eating out behavior.
Results—Infants and mothers living in homes in the highest tertile of availability of energy,
nutrients, fruits and vegetables tended to have the highest consumption respectively; however,
statistically significant associations were more likely to occur with infant diet than maternal diet.
The relationship was strongest for infant consumption of fruit with an average of 103.3g
consumed by infants who lived in homes in the highest tertile of availability, compared to 42.5g in
those living in homes in the lowest tertile (p < 0.05).
Conclusions—The availability of fruits and vegetables in the home was associated with intake
of those foods in a sample of African American mothers and infants. Results support making
changes in the home environment as a method of promoting changes in fruit and vegetable intake.
Keywords
food; availability; home; environment; African American; diet; shopping
Introduction
There is growing evidence that the environment is an important cause of obesity (1-6). A
“toxic” or “obesogenic’” environment has been described as one that provides an almost
unlimited, convenient supply of highly palatable, energy dense foods, coupled with
conditions that encourage sedentary behaviors and discourage physical activity (4). While
meso- and macro-level environments such as neighborhoods and communities (7) are
undoubtedly important, micro-level environments, specifically the home (2, 4-5, 8-9), may
have a more direct influence on behaviors that are critical to obesity development in young
children (10). Social factors in the home environment that are hypothesized to influence
children’s diets, include parents’ eating habits and child feeding practices (10-13). Physical
influences have focused mainly on the availability of foods (in particular, fruits and
vegetables) in the home (3, 14). Several studies examining the relationship between home
food availability and diet have found that increased availability of certain foods is related to
the consumption of those foods (9, 14-24). The extensive work by Baranowski, Cullen, and
others has demonstrated that home food availability/accessibility of fruits and vegetables is
related to child food consumption (3, 14, 21-22, 25-26). This work has advanced our
understanding of the dynamics between availability and intake, but is limited by its use of
predefined checklists that assess only some of the foods in the home. Such a targeted data
collection method can reduce the burden to study staff and participants; however, it restricts
the information gained. An exhaustive inventory of all foods in the home can provide data
that allows investigators to describe the total amounts of foods and nutrients available and
provides a denominator for other forms of assessments (e.g. percentage of household energy
available from fruits and vegetables). Previous work of this exhaustive nature has also been
conducted predominantly in the homes of White populations (14), and to our knowledge,
none have provided separate estimates for African Americans. Food selection is highly
linked to culture, and it is likely that the foods in the home differ in ethnically and socially
distinct households. Work is needed that examines different populations, particularly those
known to be at higher risk for obesity. The purpose of this paper is to describe the
association between home food availability of fruits and vegetables with infant and maternal
diet in African American homes using the ‘Exhaustive Home Food Availability Inventory’
(EHFI); an open inventory method of measuring all the food in the home.
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Participants were recruited from those enrolled in “The Infant Care Project”, a longitudinal
study of African American first-time mother/infant dyads, who were observed in their home
environment (27-29). Participants in the Infant Care Project were recruited through clinics
for the Supplemental Food Program for Women, Infant and Children (WIC) in Wake and
Durham counties in North Carolina. Consequently, all participants were below the poverty
line. For the current study, we contacted 112 eligible mothers with 12 – 18 month old infants
and 80 (71%) agreed to participate. The study design included plans for three assessments in
each household, each separated by approximately two months. All participants of the Infant
Care Project were eligible to take part. However, since our goal was to perform repeated
measures of the same household environment, we considered participants ineligible after a
move to a new residence. Of the 80 participating households, 64 were successfully measured
three times, 10 were measured twice, and 6 were measured once; in sum producing 218
inventories. The main reason for not participating in the repeat assessments was change in
residence. When multiple measures were available, the mean values were used for analyses.
Participants were provided financial incentives for participating in the home food inventory
research. This study was approved by the University of North Carolina public health
institutional review board on research involving human subjects and all participants
provided informed consent.
Home food availability inventories
The Exhaustive Home Food Availability Inventory (EHFI) was used to measure all foods
and beverages in participant homes. This is an observational measurement tool that uses
scanning technology to record the presence and description of home food availability. Full
details of the method have been described previously (30). In brief, researchers
systematically scan barcodes of food and beverage items using a FoxPro data entry
programme (V6.0 The Sage GroupPlc), which links UPC numbers to a reference database
containing food identification and nutrient information. A commercially available database
with 60,000 food items (Gregg London©) was originally uploaded to serve as the basis of a
reference database. The data entry programme has the capacity to upload information when
barcodes are not available, which permits the exhaustive recording of all food items in the
home. At the end of the study approximately 8,400 new items were added to the database.
Fruits and vegetables included those that were fresh, dried, frozen and canned or jarred, but
excluded pickles. We generated our own generic barcodes to record foods that did not have
a UPC barcode. These generic barcodes were linked to the nutrient reference database using
nutrient composition information data from the U.S. Department of Agriculture (USDA)
Standard Reference(31)
Dietary intake
Twenty-four hour dietary intake records were collected for infant and mother using the
Minnesota Nutrition Data System for Research (NDSR, 2005) (University of Minnesota
Nutrition Coordinating Center, Minneapolis); a Windows based dietary analysis program
designed for the collection and analysis of 24-hour dietary recalls. Recalls were performed
by trained researchers with the mother reporting intake for her infant. Initial recalls were
performed in person during a home visit and subsequent recalls were performed via
telephone interviews.
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In addition to the food inventories, other measures were taken by trained staff during home
assessments including, anthropometry and self-reported information on age, household size
and composition, food shopping behaviors and frequency of eating out. Adult height was
measured using a portable stadiometer to the nearest 0.5 cm. Infant recumbent length was
measured using a portable rigid length board to the nearest 0.1 cm. Weight was measured on
an electronic digital scale to the nearest 0.1 kg. The number, gender and ages of all members
of the household were obtained. Shopping behaviors were measured using 3 items that
queried: usual shopping frequency, number of days since last shop and whether this was a
large or small shop. Participants also reported the number of times per week that they
usually consumed breakfast, lunch, dinner and snacks outside the home. A weighted score
was used to adjust for meal size, with 1.5 assigned to dinner/supper eaten outside the home
and 1.0 assigned to all other meals, including snacks.
For analytic purposes, a weighted score was also created to indicate household size adjusted
for differences in energy needs. Weights were defined using the age and gender appropriate
energy intake from the Dietary Reference Intakes (DRI) (32). For each household member, a
value was created expressed as a proportion of the energy allowance relative to that of an
adult female (2200 kcal per day), and the values were summed to create the household score.
Recruitment was on a rolling basis and data were collected over a 14 month period, with
approximately 2 months between home food availability inventories. Diet data were
collected within approximately 2 months of the first inventory, with an average of 10 days
between infant 24-hour recalls.
Statistical methods
Food availability variables were categorized into tertiles, with the lowest amount acting as
the reference. Adjusted mean dietary intake levels within tertiles of food and nutrient
availability were calculated using linear regression models for each food group and nutrient
studied. Because the dietary intake variables were skewed, the bootstrap method was used
with 10,000 replications to estimate p-values and 95% confidence intervals (33). Models
were adjusted for mother’s age, household size, shopping and eating out behavior. Infant
age, infant gender, birth weight and infant weight at visit 1 were considered as covariates,
but none of these were significant at 0.05 level and were subsequently removed from the
models. Bootstrap estimates were obtained using R (R Foundation for Statistical Computing,
2006. Vienna, Austria). Other analyses were performed using SAS (version 9.1, SAS
Institute, Inc., Cary, NC).
Results
Descriptive information on the participants is shown in Table 1. The mean age of mothers
and infants was 24.7 years and 23.3 months respectively. Seventy-one percent of mothers
and 24% of the infants studied were overweight or obese.
Table 2 shows the intake of nutrients for infants and mothers for each tertile of food
availability. There was a trend for higher energy intake in infants and mothers in homes with
the highest availability of total energy; however, this was not statistically significant.
Similarly, intake of fat (g) and fiber (g) was higher when availability of these nutrients was
greater, although again, non-significant.
Intake of total fruit (g) was significantly greater in infants who lived in homes with the
greatest availability of fruit, with an average of 103.3 grams of fruit consumed, compared to
42.5 grams in infants living in homes with the least availability of fruit (56.4; 95% CI: 6.5,
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109.3). The relationship was similar when examining fruit intake when expressed as the
number of servings (0.54; 95% CI: 0.09, 1.02). Maternal intake of fruits (expressed as grams
or number of servings) was also greater in households with the highest availability of fruits,
but these findings were not statistically significant.
The relationship between the availability of vegetables and their intake was similar to that of
fruits (Table 2). Infants living in homes with higher availability of vegetables consumed
over twice as many vegetables (grams and servings) compared to infants living in homes
with the lowest amount of vegetables available. However, owing to large variability in
intake data in the 3rd tertile, statistically significant differences were only found between
intake of vegetables the 2nd and lowest (reference) tertiles of availability (intake in grams
27.8, 95% CI: 5.3, 49.8; intake in servings 0.36 95% CI: 0.05, 0.67). Maternal intake of
vegetables was similar to that of fruit; with greater intake in mothers living in homes with
higher availability; albeit non-significant.
Infants and mothers living in homes with a greater proportion of energy derived from fruits
and vegetables (Kcals available from fruit or vegetable / total Kcals available in the home
from all foods) tended to consume more fruits and vegetables (Figures 1 and 2). However,
the strength of this relationship was less than that observed for availability expressed in
grams or servings. For infants, homes with the highest proportion of energy derived from
fruits were significantly more likely to consume fruit, whether expressed in grams (58.6,
95%CI: 9.3, 110.5) (Figure 1) or as number of servings of intake (0.54, 95%CI: 0.10, 1.01)
(Figure 2).
Discussion
This study aimed to assess the association between fruits and vegetables in the home and
infant and maternal diet in low income African Americans. These data provide evidence of a
link between availability of fruits and vegetables in the home and dietary intake of fruits and
vegetables for mothers and their infants. For the most part, the findings consistently show
that greater availability was associated with greater intake, although associations were not
always statistically significant. Having more fruits and vegetables in the home was
associated with higher intake of these types of foods by infants. For fruit, this relationship
was found whether intake was expressed in terms of total grams, number of servings or
percent energy derived from fruits. For vegetables the relationship was not significant when
vegetables were expressed as percent energy available from vegetables. While the effect of
fruit and vegetable availability was generally associated with greater intake in mothers, the
relationship was generally less strong compared to infants.
Researchers have examined fruit and vegetable availability intake in other populations and
using different methodologies (9, 14-24). For example, as part of the development of the
Home Environment Survey, Gattshall et al. (34) found that fruit and vegetable availability
and accessibility, parent modeling and parental policies were positively associated with fruit
and vegetable consumption. In this work they used a self-report survey and queried the
presence or absence of fruits and vegetables in the home rather than determining quantity of
items. Other researchers have also used self-report measures and found associations between
food availability and intake (18, 21-23, 34-35). These studies have provided information of
the impact of home food availability on intake; however, because errors in self-report
information could be correlated within individuals, it is possible that associations could be
overestimated from these type of data. Spurrier et al. (36) performed direct observations of
foods in the home and reported a strong positive association between the amount of fruits
and vegetables available in the family home and fruit and vegetable intake scores from a
self-report tool. Results were based on observation of foods within categories relevant to the
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national guidelines for healthy eating (Australian Guide to Healthy Eating (AGHE)), and
diet data were collected using reports from parents on a dietary patterns questionnaire with
24 items based on the same guidelines. Findings from our study extend these results by
confirming the positive correlations between availability and intake using exhaustive
observational methods to record food availability and complete 24-hour dietary recalls to
measure dietary intake.
The associations we found between availability and intake of fruits and vegetables were not
as strong as might be hypothesised, given the intuitive nature of the association. Consistent
with our expectations was that the diets of children would be more dependent on foods in
the home than the diets of adults; intake of fruits and vegetables was less strongly associated
with availability in maternal diet than that of their infants. This finding was likely related to
more foods being eaten out of the home by mothers. Our adjusted model accounted for
eating out behaviors among the mothers, but did not attempt to adjust for eating out across
mothers and their infant, and we did not collect specific information on the number of meals
eaten outside the home by the infants in the study. It is possible that fruits and vegetables
were purchased specifically for consumption for infants, but this information also was not
ascertained in this study. Another factor contributing to weaker associations in the mothers
may be that our dietary analysis included fruits and vegetables available from mixed dishes;
whereas the availability data did not include fruits and vegetables in mixed dishes.
This study is particularly useful because data were collected in the homes of African
Americans who were of low socioeconomic status and have an increased need for potent
interventions to improve nutrition. This group has fewer resources and is at increased risk of
obesity compared to the general American population (37-38). Recruitment of African
American families is often more difficult compared to White participants (39-40), and we
were fortunate to have access to a sample of African American homes in which a good
rapport had already been established with researchers. While the sample size may appear
smaller than dietary assessment studies, this study was one of the largest to date to
objectively measure the home food environment. Byrd-Bredbenner (41) conducted 100
home inventories, but only one inventory was performed in each home. Importantly, the
method used researcher conducted, direct observations, which are less prone to error
associated with memory, social desirability and compliance. Nevertheless, the lack of effect
for some variables may be limited by the diet data, which have large confidence intervals,
representing considerable variance between participant intake.
Since all the participants in this study were from a similar ethnicity and socioeconomic
strata, potential impact of those variables could not be studied here. It is possible that home
food availability may reflect the overall home environment including social (parent’s
practices in regard to meal times) and other physical (presence of a table for eating) factors.
These factors were not measured in this study and would be of interest in future work.
Understanding the influence of foods available in the home on dietary intake has direct
implications for the development of interventions to improve diet. Our results indicate that
increasing the number of fruits and vegetables in the home might increase their consumption
by infants. Further, caregivers may need to be encouraged to prepare fruits and vegetables
for their own consumption in addition to that of their children. These conclusions must be
tentative since this observational study cannot infer causality and is limited by antecedent-
consequence uncertainty.. It may be that consumption of fruits and vegetables drives
purchases, rather than vice-versa. Nevertheless, there is some evidence from intervention
studies showing that increasing the availability of fruits and vegetables in homes leads to an
increase in their consumption (42-43).
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In conclusion, this study provides further evidence that the availability of fruits and
vegetables in the home is associated with intake of these foods. This work is unique in that it
examined these associations in a sample of African Americans using an objective and
exhaustive method of assessing foods in the home. Our work indicates that increasing the
amount of fruits and vegetables in the homes of low income African American women could
increase intake of those foods in women and their children and lends support to the conduct
of intervention studies that increase the availability of health promoting foods in the home as
a method of increasing intake.
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Availability of % energy from fruits and vegetables in the home and dietary intake for
infants and mothers: Difference in diet (grams) between tertiles of food availability.
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Availability of % energy from fruits and vegetables in the home and dietary intake for
infants and mothers: Difference in diet (servings) between tertiles of food availability
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Table 1
Description of households at baseline
Mean / % (n=80) SD a
Mother’s age (years) 24.7 4.3
Mother’s BMI (kg/m2) 31.7 8.5
 Underweight (<18.5) 2.5%
 Normal weight (18.5 - 24.9) 25.0%
 Overweight (25 - 29.9) 17.5%
 Obese (>=30) 53.8%
Child’s age (months) 23.3 6.2
Child’s weight for length z-score 0.3 1.1
Child’s weight status (%)
 Underweight (< −1.64) 5.0%
 Normal weight (−1.64 - 1.03) 71.3%
 Overweight (1.04 - 1.63) 15.0%
 Obese (>=1.64) 8.8%
Child’s weight (kg) 12.5 2.1
Childrena per household 1.5 0.8
Adultsb per household 1.9 0.9
Adultb men per household 0.5 0.6











Children <19 years of age; Adults ≥19 years of age
c
weighted for meal size
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Table 2
Availability of nutrients and fruits and vegetables in the home and dietary intake by grams and number of
servings for infants and mothers
Infant diet (n=71) Maternal diet (n=67)
Availability Crude Mean
Difference from 1st tertile 1
(95% CI) p-value Crude Mean
Difference from 1st tertile 1
(95% CI)p-value
Energy (Kcal) Kcal Kcal
 1st tertile (84073 - 171074) 1288 REF 1753 REF
 2nd tertile (171074 - 259189) 1414 223 (−43, 498)p=0.10 1915 236 (−256, 743)p=0.33
 3rd tertile (259189 - 548048) 1446 237 (−59, 538)p=0.12 2079 353 (−221, 988)p=0.25
Fat (g) Fat (g) Fat (g)
 1st tertile (3722 - 6722) 48.5 REF 71.0 REF
 2nd tertile (6722 - 11024) 49.8 6.4 (−6.7, 21.1)p=0.35 65.4 −0.9 (−24.5, 24.0)p=0.95
 3rd tertile (11024 - 32083) 54.2 7.4 (−4.9, 19.2)p=0.24 86.9 16.9 (−11.8, 49.0)p=0.26
Fiber (g) Fiber (g) Fiber (g)
 1st tertile (379 - 1007) 9.6 REF 10.4 REF
 2nd tertile (1007 - 1900) 7.6 −1.8 (−4.2, 0.5)p=0.13 11.3 −0.6 (−4.4, 2.8)p=0.71
 3rd tertile (1900 - 3483) 10.1 0.7 (−2.1, 3.8)p=0.62 15.6 4.0 (−0.7, 9.5)p=0.10
Fruit (g) Grams Grams
 1st tertile (0 - 1557) 42.5 REF 8.1 REF
 2nd tertile (1557 - 3589) 86.0 41.9 (−9.7, 95.1)p=0.11 59.1 35.6 (−25.7, 99.2)p=0.25
 3rd tertile (3589 - 18103) 103.3 56.4 (6.5, 109.3)p=0.03 * 60.0 33.8 (−5.6, 81.9)p=0.10
Fruit (g) Servings Servings
 1st tertile (0 - 1557) 0.35 REF 0.08 REF
 2nd tertile (1557 - 3589) 0.70 0.31 (−0.12, 0.75)p=0.15 0.45 0.20 (−0.33, 0.72)p=0.44
 3rd tertile (3589 - 18103) 0.93 0.54 (0.09, 1.02)p=0.02 * 0.59 0.31 (−0.05, 0.78)p=0.10
Vege (g) Grams Grams
 1st tertile (944 - 4671) 27.5 REF 85.9 REF
 2nd tertile (4671 - 8842) 59.8 27.8 (5.3, 49.8)p=0.02 * 151.7 46.7 (−43.3, 132.9)p=0.31
 3rd tertile (8842 - 36784) 62.9 34.1 (−4.0, 86.6)p=0.09 145.4 33.1 (−67.1, 133.3)p=0.49
Vege (g) Servings Servings
 1st tertile (944 - 4671) 0.35 REF 1.16 REF
 2nd tertile (4671 - 8842) 0.76 0.36 (0.05, 0.67)p=0.02 * 1.89 0.43 (−1.04, 1.62)p=0.52
 3rd tertile (8842 - 36784) 0.78 0.41 (−0.07, 1.07)p=0.11 2.06 0.51 (−1.08, 2.14)p=0.51
Potatoes (g) Grams Grams
 1st tertile (0 - 756) 42.7 REF 34.4 REF
 2nd tertile (756 - 2742) 38.0 −7.6 (−41.0, 29.5)p=0.70 91.9 47.4 (−14.9, 115.3)p=0.13
 3rd tertile (2742 - 5584) 57.6 12.9 (−23.7, 52.3)p=0.52 95.8 61.7 (−6.5, 133.7)p=0.08
Potatoes (g) Servings Servings
 1st tertile (0 - 756) 0.40 REF 0.41 REF
 2nd tertile (756 - 2742) 0.50 0.10 (−0.22, 0.42)p=0.54 0.95 0.59 (−0.01, 1.18)p=0.05 *
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Infant diet (n=71) Maternal diet (n=67)
Availability Crude Mean
Difference from 1st tertile 1
(95% CI) p-value Crude Mean
Difference from 1st tertile 1
(95% CI)p-value
 3rd tertile (2742 - 5584) 0.49 0.03 (−0.27, 0.35)p=0.86 0.75 0.34 (−0.19, 0.89)=0.21
1
Adjusted for mother’s age, household size, shopping and eat out behavior
*
for p<0.05.
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